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> Summary

5 Problem

§{ In 1977 the Centers for Disease Control (CDC) conducted a
tg study that found six cases of leukemla during a flve-year period
E; in children under 19 years old living in Ridgecrest, California,
e the community that borders the Naval Weapons Center (NWC). CIC
}J . could not determine any common causal factors for the six cases

i o U

and the cluster was considered a random clustering 1in time. Be-
cause of the proximity of NWC to Ridgecrest, CDC was asked to
review the hematological records of 860 employees who were
involved 1n an ongoing Occupational Health Program. Sixty-six
cases of low white blood cell (WBC) counts were ascertained, 35 of
which were chronic. These cases occurred over a 20-year period.
It was declded that there was a need for a center-wide survell-
lance prcgram to detect any evidence of myelosuppression among all

S
'.'.r;!-l..} _T'_' AR

NWC employees (approximately 4,580).
ObJjectives

The objectives of the study were: (1) to develop a hemato-
Lloglzal profile of white blood cell counts in the workforce at
NWC, (2) to use this profile to determine the prevalence rate of
leukopenia at NWC, and (3) to determine if occupational exposures
may be asscclated with any observed decreases In white blcod cell
counts,
Approach

A complete blood cell count with a differential (WBC) count
was performed on all employees who volunteered for the study

during 1982--83. Each volunteer was asked to answer a short ques-
tionnaire prior to giving a blood sample. If on the first blood
draw a subject's WBC count was less than or equal to 4,500 cells
per mm3, the person was recalled for a second WBC count one month

T ARRITFET X .

- later. If the second WBC count was also less than or equal to
3

4,500 cells per mm”®, the person was recalled one month later for a

third test. If the results of all three test3s were at or below

-.'.:.'-'-;-

this level, the person was considered tec have a persistent low WBC
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count and was referred to the Naval Hospltal, San Diego for a bone
marrow blopsy with extensive evaluation ¢f bone marrow function.
Results

Approximately 66 percent of the Center's workforce partici-
pated 1n the study. The mean WBC count for the entire NWC popu-
lation was 6,900 cells per mm3. There was no consistent trend in
mean WBC counts according to age, sex, or length of employment at
NWC. Current cigarette smokers had a markedly higher mean WBC
count (8,400 cells per mm3) than never smokers (6,200 cells per
mm3). On the first blood draw 222 (7.4%) participaats had a VWBC
count below 4,500 cells per mm3; of those, 35 (1.2%) remalned low
after three blood draws. When analyzed by grouped work codes, the
Electronic Warfare lepartment had both crude and smoklng-adjusted
prevalence rates of low WBC counts which were nearly double that
of the total NWC populatlien, a difference that was statistically
signficant. Within the Electronlc Warfare Department, the Micro-
wave Development Division had a c¢rude and smoking-adjusted
prevalence rate of approximately 3.5 times the corresponding rate
in the total NWC populatlion. This finding was statistically
significant before and after adjusting for smoking. Crude and
smoking-adjusted prevalence rates were determine for 26 work
locations based on similarity of activities; of these only
Thompson Laboratory had a crude rate significantly higher than
that observed for all other work locatlons. However, this excess
was consistent with the presence of Electronic Warfare Department
staff in this bullding. '
Conclusions

There 1s no apparent environmental exposure affecting all NWC
employees. The Electronic Warfare Department had more cases of
low WBC counts than would have been expected based on the entire
NWC population, and the prevalence rate in this department {(14.6%)
was significantly higher than in the total NWC populatioan (7.4%).
The Electronlc Warfare Department also had the highest prevalence
rate (3.0%) of persistent cases of low WBC counts compared to the

11




total NWC population (1.2%). However, these rates for persistent
low WBC counts were based on few cases and were not statistically
significant. The prevalence rate of low WBC counts in Thompson
Laboratory (16.2%) was significantly higher than in the total NWC
population (7.4%). This 1c consistent with the high prevalence
rate in employees of the Electronic Warfare Department, who
cvomprised nearly 90 percent of participants from Thompson Lab-
oratory. The high rate of low WBC counts 1In the Electronlec
Warfare Department 1s due to the statistically significantly high
rate (26.0%) 1in the Microwave Development Division which shows a
marked shift toward lower WRC counts.

"

B T B S T B e S B D T S

. 8




Introduction

The Naval Health Research Center in San Dlego 1in collabora-
tion with the Naval Weapons Center (NWC), China Lake, California,
conducted a hematological monltoring program for all NWC em-
ployees. ObJjectives of the program included development of a
hematologlical profile of the work force at NWC and evaluation of
the health significance of the profile. This report provides
results of analyses of 3,012 volunteers who gave blood for the
study between February 1, 1982 and March 15, 1983.

Background

In 1977, the Centers for Disease Control (CDC) was contacted
by a Los Angeles physician and informed of an apparent.  clustering
of leukemia In chilldren living in Ridgecrest, California, the
community that borders the Naval Weabons-Center. CDC conducted a
study that found six cases of leukemia during a filve-year period
in c¢hildren under 19 years old living in Ridgecrest. Only 1.3
cagses would have been expected during five years 1n a population
of that size. However, no cases were determined to have occurred
in the previous ten-year period. CDC could not determine any
common causal factors for the s8i1x cases and, as a result, the
cluster was conslidered to be a random clustering in time. Because
of the close proximity of Ridgecrest, NWC was 1interested in the }
CDC study. As a result of this interest, CDC reviewed the :
hematological records of 860 employees who were 1involved in an
ongoing Occupational Health Program at NWC. CDC ascertained 66
cases of leukopenia (low white blood cell counts) 35 of which were
chronic occurring over a 20-year period. There was also concern
expresséed by employees and the Navy that there might be undeter-
mined factors present that could be affecting all employees--not
Just those known to have exposures which could suppress bone
marrow funcclion. It was therefore co.ucluded that there was a need
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for sustalned surveillance for evidence of myelosuppressicn among
the NWC work force and that thls surveillance should be extended
to all employees (approximately U4,580).

An early step 1In thls study was the selectlon of a case
definition of leukopenia. For this study, a white blood cell
(WBC) count of < 4,500 cells per mm>
nition of leukopenla. This 1s a cut-off value of high sensitivity

was selected as the defi-

and was selected to 1insure 1inclusion of the greatest number of
individuals who might be considered leukopenic. A WBC count at or
below this level, however, 1s not necessarily pathologic and may
be within the range of normal variation (1,2,3).

We were Interested in identifying people with leukopenla
because (1) leukopenia may be evidence of an exposure that could
affect the hematopoetic system in a transltory way, but could
possibly increase susceptibility to infectious disease; (2) it may
Indlcate a condition that could predlispose to a more serious
1llness at a later time; or (3) 1t may be the first diagnostic
indication of a more serious condition, for instance, a neoplastic
disease such as leukemla.

In order to examine the prevalence of leukopenia in the NWC
population and to evaluate 1its meaning, a two-phase study design
was adopted.

Study Design

An annual complete blood cell count with a differential white
hlood cell (WBC) count was performed on all NWC employees who
volunteered for the program. If on the first WBC count a sub-
Ject's count was less than or equal to 4,500 cells per mm3, the
person was recalled for a second WBC count one month later. If
the second WBC count was also less than or equal to 4,500 cells
per mm3, the person was recalled a month later for a third test.
If results of all three tests were below this level the person was
conslidered to have chronlic leukopenia and was referred to Balboa

Naval Medical Center 1n San Diego, California for an extenslive
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evaluation of bone marrow functlion, including a bhone marrow

biopsy.
This study was both part of the NWC occupational health
program and a research project. Its objectives included: (1)

1dentification of 1individual employees with low WBC counts, (2)
determination of the prevalence of low WBC counts within the work
force, and (3) evaluation of the health significance of the
observed prevalence, whether 1indicative of a possible health
hazard to particular subgroups or to the entire work force at NWC.

As has been noted above, voluntary participation was sought.
Fach volunteer was asked to give a 7 ml sample of tlood and answer
a short questlonnaire. The questionnaire obtained personal data
Including name, soctal security number, age, race, sex, a brief
smoking history, and a limited NWC work history. The work history
included the time perlods, work locations, 4and Jjob title(s) held
for the entire period that the employee worked at NWC. This
questionnalre was completed at the time the initlal blood sample
was drawn.

All blood samples were collected between 8:30 and 11:00 a.m.
because previous studies have reported variation 1in WBC counts
from morning to evening (3,4). The exact time at which the sample
was taken was recorded. Each sample, as it was drawn, was im-
medlately tagged with an adhesive label that had a bar code number
which enabled 1t to be optically read by electronic equipment.
This bar code number was also attached to the questionnalre, en-
tered In a blood sample log, and affixed to a laboratory report

form.
Introduction of a program such as this would have overloaded

the existing capabilitles of the small branch medical clinic at
NWC. Automation was the most practical approach to the large-
scale hematological analysis required by this project. Thecrefore,
a Techn!zon H6000, an automated blood cell analyzer, was acquired.
This machine 1s a self-contained blood‘analyzer and computer
system. It optically read the bar code number of each blood
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sample, performed a complete blood cell count and a iifferential

white blood cell count, and recorded the results. !
The Technicon was interfaced directly with a VAX 11/750C

computer. This eliminated the need for manual data entry of blood

analysis results, and ailowed for rapid, accurate, and convenlent ' !
linking of individual blood analyses with data concerning personal
characteristics and Job-related activities obtained from the ‘
questionniare.

Mean white blood cell counts and standard deviations were
calculated according to age, race, sex, smoking status, duration
of employment at NWC, Job classiflcation and work locatilon.
Prevalence rates for study subjects with white blood cell counts
<4,500 cells per mm3 were determined according to these same
var‘-bles. Prevalence rates by Jjob classification and work
location were adjusted for differences 1in smoking by the direct
‘method (5). Confidence limits were calculated and statistical ‘
significance determined, using the normal distribution (5). All -
probability values reported are two-talled.

The most technlcally advanced white blood cell counter in
existence, the Technicon H6000, and the most widely used, the
Coulter Counter, were used iIn thnls study to guarantee the reli-
abllity of the findings. Every fourth blood sample taken was
tested hoth on the Technicon H6000 and the Cculter Counter Model )
ZBI. The Coulter'R Counter 1s used in thousands of hospltals and
has been used in numerous surveys, including the U.S. National
dealth and Nutrition Examination Survey--the HANES survey (6,7).
The HANES survey was conducted by the U.S. National Center for !
, Health Statistics and reported on white blood cell counts for a
"3 probabllity sample of 5,500 Amerlicans from throughout the United
§ States. Figure 1 shgws the high agreement between the two
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high level of agreement provides confidence in the accuracy of the
cell counts obtained.

Results

Section I - Demographic Characteristics and Comparison with U.S.

Pogulation

1. Demographic characteristics. A total of 3,012 of the
4,581 employees of the Naval Weapons Center (66%) provided samples

of blood and completed questionnaires. Rates of participation by
grouped work code are shown in Appendix A Table Al.

The frequency distribution by age of the 3,012 participants
1c shown in Table 1. Approximately 80% were between 25 and 54

years old and about 60% were between 35 and 54 years. About 70% -

of partlicipants were males and 30% were females. Over 90% of
study participants were white.

Table 1. Frequency distribution of participants by age,
Naval Weapons Center, China Lake, 1982-83

Age
(years) No. Percent
15 - 24 151 5.0
25 - 34 602 20.0
35 - U4y 918 30.5
45 - 54 849 28.2
55 - 64 394 13.1
65+ _98 3.4
Total 3,012 100.0
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Table 2 shows the distribution of participants by cigarette
smoking status at the time of the survey. About one-quarter of
the population were current cigarette smokers, about one-quarter
were former smokers, and about one-half never smoked.

Table 2. Frequency distribution of participants by
cigarette smoking status, Naval Weapons (enter,
China Lake, 1982-83

Cigarette
smoking
status No. Percent

Never 1,332 4y, 2
Former 820 27.2
Current 825 27.4
Unknown 35 1.2
Total 3,012 100.0

The distribution of participants by length of employment at
NWC 1s shown in Table 3. Over one-half of the study’s partici-
pants had been at NWC for more than 10 years, and nearly 70 per-
cent had been there five or more years.

Table 3. Frequency distribution of participants by
length of employment at the Naval Weapons
Center, China Lake, 1982-83

Length of employ-
ment at Naval
Weapons Center

(years) No. Percent
0 - 1.9 162 5.4
2 - 4.9 649 21.5
5 -9.9 4sy 15.1
10+ 1,576 52.3
Unknown 171 5.7
Total 3,012 100.0
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(Table 4).
3. Effects of cigarette smoking. Mean white blood cell counts

A

f
n 2. Effects of demographlc characteristics. There was no con-
Fj sistent trend in mean white blood cell count according to age

were analyzed by smoking status (Table 5). Current smokers have a
markedly higher mean white blood cell count (8.4 x 103 cells/mm3)
than do former smokers (6.5 x 103 cells/mm3) or never smokers (6.2
X 103 cells/mm3). There was a difference of about 2,200 cells/
mm3 between the current-and never-smoker groups. Smoking status
was, therefore, an important factor 1In comparisons of mean white

blood cell counts.

Table 4. Mean white blood cell count according tc age,
Naval Weapons Center, China Lake, 1982-83

White blood cell count x 10-3/mm3

Age Standard
(yr) Mean Deviation No.
25 - 34 6.9 2.0 602
" 35 - 44 6.8 2.1 918
L .
o0 45 - 54 7.0 2.1 849
W
®
7 65 + 6.7 2.4 98
e,
A Total 6.9 2.1 3,012
213
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Table 5. Mean white blood cell count according to
smoklng status, all races, both sexes,
Naval Weaporns Center, China Lake 1982-83

White blood cell count x 10_3mm3

W E e A Mkt S’

Smoking Standard
Status Mean Deviation N
E Never 6.2 1.6 1,332
Former 6.5 1.6 820
Current 8.4 2.4 _825
Total# 6.9 2.1 2,977

*Excludes 35 subjects for whom smoking status was unknown.

Fligure 2 1s a plot of the distribution of white blood cell
counts for current smokers and non-smokers. There was a marked

" A e M Bd . S Eam. s A

difference between the distributlons of the two groups: smokers
had higher white blood cell counts and a more dispersed and
irregular distribution. This difference has been observed 1in
other studies, including the HANES (6,7).

Figure 3 1s a plot of the diatribution of white blood cell
counts for former-smokers and never-smokers. There was 1little
difference in the distributions. Former- and never-smokers were

therefore grouped into the category of non-smokers for other
analyses.

Figures 4 (current smokers) and 5 (non-smokers) show no
consistent trend of mean WBC count by length of employment at NWC.

There 13 a striking similarity in means regardless of ‘tength
of employment. For example, in Figure 5 (non-smokers) the mean is
nearly the same for those working at NWC less than 2 years as for
those working for more than 10 years.

4. Comparison of mean WBC counts with the National Health and

Nutrition Examination Survey. The National Health and Nutrition

Examination Survey (HANES) was conducted by the National Center

21
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Figure 4. Mean white blood cell count by years at the
Naval weapons Center, current smokers
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for Health Statistics from 1971 to 1975'(6). This study reported
WBC counts In a random sample of 5,500 Amerlicans from throughout
the United States. Results of the HANES are based on a single
blood draw analyzed using a Coulter Counter. Mean WBC counts 1in
the NWC pcpulation are also based on a single blood draw which was
analyzed using the Technicon H6000, with a sample reliability
check using a Coulter Counter. The high level of agreement
between results obtained on the Technicon and the Coulter Counter
is shown in Figure 1. ‘
A comparison by smoking status of WBC counts obtained in the
HANES and results from this study is shown in Figure 6. Both
studlies showed a pronounced effect of smoking. Mean WBC counts
for current smokers 1in both populations were approximately the
same, 1l.e., the mean WBC count in the HANES population was only
100 cells per mm3 lower than that observed at NWC, Among never
smokers, however, mean WEC couhts obtalned In the HANES are about

900 cells per mm3

greater than the mean WBC count for never
smokers at the Naval Weapons Center. A similar difference was
observed for former smokers.

The distribution of WBC counts for the total NWC population
and the HANES 1s shown in Figure 7. The HANES did not report
distributions for smokers and non-smokers. The apparent dif—
ference in the distributions may, therefore, be attributable to
differences 1n the proportion of smokers in the two populations.
About 75% of NWC employeces are non-smokers as compared to about

64% of the HANES population.

Section II - Questionnalres Obtalned Exposure Categorles

1. Effects of occupation. It was determined that smoking
elevated the white blood cell count (Table 5). Because the
proportion of smokers In occupational groups (work codes) varied,

prevalence rates of low white blood cell counts were adjusted for
the proportion of smokers 1in each category.
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Figure 6. Mean white blood cell count by smoking status,
Naval Weapons Center and HANES Survey
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Table 6 shows the crude and smoking- adjusted prevalence rates
of low white blood cell counts (<4,500 cells per mm ), according
to grouped work code. The same analysis by detalled work code 1s
shown 1n Appendix A Table A2. Smoking-adjusted prevalence rates
for grouped work code are shown in Figure 8. The Electronic War-
fare Department had both crude and smoking~adjusted prevalence
rates cf low white blood cell counts which were about double that
of the total NWC population, a difference that was statistically
significant (p < 0.05 level). Crude and smoking-adjusted preva-
lence rates of low white blood cell counts by three divisions
within the Electronic Warfare Department are shown 1in Table 7.
Appendix R shows the NWC work codes 1in each division of the Elec-
tronic Warfare Department. The crude and smoking-adjusted rates
in the Microwave Development Division are approximately 3.5 times
the corresponding rate 1n the total NWC population. This finding
was slgnificant (p < 0.05) before and after adjustment for smok-
ing. Participants from the Administration, System Sciences, and
Radio Frequency Divisions experienced approximately twice the
crude and smoking-adjusted rates as the total population (Flgure
9). This finding was significant (p < 0.05) before adjustment for
smoking but did not remain significant after adjustment. This may
be due in part to loss of 1ndividuals whose smoking status was
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unknown and the conseguent broadening of confidence intervals.
Mean white blood cell counts by twelve grouped work codes are
shown in Table 8. The means are specific for smoking status, and
the pronounced ralsing of mean WBC due to smoking can be seen in
all work codes. Non-smokers 1in one grouped work code, the
Electronic Warfare Department, had a mean white blood cell count 5
that was significantly (p < 0.05) lower than the mean for the ?
total NWC population. The mean WBC count for smokers and non-

smokers combined in the Electronic Warfare Department was not
significantly lower than the total population, however, because
the mean for smokers was high (9.0 x 103 cells per mm3).
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Figure 8.
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Mean white blood cell counts in the Electronic Warfare
Department, by division, are shown in Table 9. Non-smokers 1in the
Administration, Systems Sciences, and RF Divisions combined, and
the Microwave Development Division have means that are signifi-
cantly lower (p < 0.05) than the total NWC population. In
contrast, both current smokers and non-smokers in the Electronic
Warfare Threat Evaluation Section have signiflcantly higher means
than corresponding groups in the total population.

2. Effects of work location. Twenty-six work locations were

selected based on similarity of activitlies as determined by
consultation with center personnel. The work 1location 1s self-
reported, and many particlpants 1llisted more than one 1location.
The following tables and figures are based on the first work
location 1listed. Work 1locatlion questions were apparently mis-
Interpreted by about 10 percent of respondents, who listed their
work code number rather than their work location.

Crude and smoking adjusted rates by 26 work locations are
shown in Table 10. A map of NWC showing the prevalence rates of
low WBC counts by work location 1s shown in Flgure 10. Of these
only Thompson 1laboratory had a crude rate significantly higher
than that observed for all work locations. This rate did not
remain significantly higher after adjustment for smoking. The
loss of significance of the adjusted rate may be In part attrib-
uted to a lower prevalence of smoking in this location (15.9%) as
compared to the total NWC population (27.4%).

Table 11 shows the distribution of work codes within Thompson
laboratory. Almost 90 percent of those reporting workling in
Thompson laboratory report working in the Electronic Warfare
Department.

Mean WBC counts by work location were also calculated (Appen-
dix A Table A3). Thompson laboratory and Michelson laboratory in
areas other than one of five specifled areas, had means statis-
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tically significantly lower than the total NWC population (6.1 and

6.6 x 103 cells per mm3, respectively).

3. Persistent low white blood cell counts. Previous sections
have dealt only with the results of the first blood count drawn on
study participants. If the first count was found to be less than
or equal to 4,500 cells per mm3, the person was asked to return
for a second count one month later. If the second count was also
less than or equal to 4,500 cells per mm3, the person was called
back one month later fcr a third count. If the results of all
three tests were below thls level the person was considered to
have a persistent low white blood cell count and was referred to
Balboa Naval Hosplital, San Diego, California, for an extensive

bone marrow evaluation.

A unique aspect of this study 1s 1its ability to follow any
Individual whc had been 1dentiflied as having a white blood cell
count less than or equal to 4,500 cells per mm3 over a three-month
period. On the first blood count 7.4 pércent of participants had
counts_ﬁB,SOO cells per mm3. By the third blood count, 1.2 per-
cent of the population were found to have persistently low white
blocd cell counts (Figure 11). However, attrition in the second
blood draw (N = 19) and third blood draw (N = 12) groups could
have led to a substantial underestimate of the number of persis-
tent low white blood cell counts in the population. Smoking may
mask depression of WBC counts: only 2 (5.7%) of individuals with
chronic low white blood cell counts were smokers.

4, Effects of occupation: two and three hlood draws. Prev-
alence rates of 1initlal white blood cell counts showed the Elec-
tronlc Warfare Department to be significantly high (p < 0.05)
(Table 6). A high rate persisted on two _consecutive blood counts
and was statistically significant (Appendix A Table Al4). On three
consecutive blood draws, the rate remained high (two and one-half
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ONE BLOOD SAMPLE
PROVIDED
N= 3012

> 4500 CELLS/mm?® WBC < 4300 CELLS/mam®

Ne222
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Figure 11. Flow chart of study participants by number of blood

samples provided, and number of low white blood cell Y,
counts
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times the total NWC population) but not statistically significant
(Table 12, Figure 12).

5. Effects of work location: two and three blood counts.
Prevalence ratzs of initial low white blood cell counts were
significantly hish In the Thompson laboratory (Table 10). A high
rate persisted cocn two consecutive white blood cell counts but was
not statistically significant (Appendix A Table A5). The rate for
three consecutive biood draws also remained high but was not
statistically significant (Table 13, Figure 13). The Thompson
laboratory had a prevalence rate of 4.1 percent (N = 4), the
highest for any location. By comparison the rate for all areas
comblined was 1.2 percent. Area R and Extension and the Alr
Facility had the next highest prevalence rates, 3.4 percent and
2.6 percent respectively. While these rates for Area R and
Extension and the Alr Facility were higher than for the total NWC
population, they were not statistically significantly so.

6. Electronic Warfare Department. The Electronic Warfare
Department had a smoking-adjusted prevalence rate of 1initial 1low
white blood cell counts significantly higher than the total NWC
population (Tabl= 6). This excess persisted on three consecutive
blood draws but the excess was not significant (Table 12, Figure
12). Nearly 90 percent of participants from the Electronic
Warfare Department reported working in the Thompson laboratory, a
locatlion which was observed to have a significantly high rate of
initial low whit= blood cell counts.

Because of the high prevalence rates of low white blood cell
counts, this department was selected for further analysls, includ-
ing data obtalined from the second year of the study. Figure 14 is
a flow chart describing the ascertainment of cases in this depart-
ment throughout the entire study perilod.

In year one of the study, nine persistent cases (having three
or more consecutive low white blood cell counts) were ascertalned.
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Two of these cases had been 1dentified by routine WBC counting
before the study began. The remalning seven cases were ascer-
tained by blood counts which were performed as part of this study.
In year two of the study, although many fewer (N = 156) depart-
mental employees chose to participate, two additional persistent

.
te 5 T N N S

e

cases having three or more consecutive low white blood cell counts
were 1dentified.
A detalled record of each participant from the Electronic

Warfare Department with at least one low white blood cell count 1s
shown in Appendix A Table A6.

Nearly 90 percent of persons working in Thompscn Laboratory .
reported being employed in the Electronic Warfare Department ﬁ
(Table 11). However, not all members of the Electronic Warfare
Cepartment worked in Thompson laboratory. Table 14 and Figure 15

SREPRRR B 5 e

show the prevalence rate of low white blood cell counts by divi-

B2

sion and work location in the Electronic Warfare Department. The
total rate was very similar in persons working in Thompson labor-
atory (16.7%) or in other locatlions (14.3%)(Table 14). The i
Microwave Development Division had the highest rate both 1n
Thompson laboratory (24.0%) and in other locations (33.3%). The e
Electronic Warfare Threat Evaluation Section had a very low rate.

It appeared that occupation was more important than work location i
in determining these rates.

Section III - The Naval Hospital, San Dlego, Study 3

Physical examlnatlons and blood monitoring have been c¢con-
ducted at the Naval Weapons Center as needed throughout 1ts
history. Personnel identiflied as having potential exposure to
hazardous agents, such as trichlorethylene, methylene chloride,

a
B R R Rl T AN R

benzene, toluene, or asbestos, were selected at the departmental
level for physical examinations, blood tests, or other laboratory
tests. The frequency and duration of monitoring varled with the
amount and duration of potential work exposure.
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One work code, the chemistry division (Code 38%), 1s provided
routine blood monitoring every six months, with some individuals
having tests more frequently.

A review of the testing log at the Branch Medical Clinic at
China Lake in March 1983 indicated that blood monitoring was beilng
conducted on the Photographic Division (Code 345) as well as a
number of departments, Engineering (Code 36), Fuze and Sensors
(Code 33), Public Works (Code 26), and Ordnance (Code 32).
However, the groups being monitored can change on a daily basis.

This monitoring identified 121 individuals determined to have
low white blood cell counts during cthelr career at NWC, and who
were asked to go to Naval Hospital, San Diego, for examination
beginning ir May of 1981. Of the 121 asked, 84 were seen at the
hospital and 37 were not. Of the 121 identified individuals, 36
did not participate in the main survey and thelr avallable history

1s summarized in Table 15.

Section IV - NWC Designated Exposure Categories

1. Exposure categories. Additional analyses were requested
by NWC management following presentation of preliminary results.
Thelr primary concerns were wlth possible exposure of chemical
workers to toxic chemlicals and the product line of the Microwave
Development Division. The management at NWC felt that in order to

address these concerns, exposures could be reflined beyond work
locations and Jjob title. Therefore, a committee of department
heads was formed and four exposure categorles were deflned as
follows:

1A. Chemical workers who frequently work with toxic materilals

1B. Chemical workers who Infrequently work with toxlc materlals

2A. Electromagnetic workers whose work involves high power/high
voltage/ionizing radlation, and

2B, Electromagnetic workers whose work 1nvoives only laboratory
RF levels
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Table 15. Naval Hospltal,

San DMego, study referrals who did not
participate in the white blood cell count study Naval
Weapons Center,

China Lake, California,

Subject Examined No. of blood No. of low white
number at Balboa? samples blood cell counts

1 yes 3+ 3

2 yes 3+ 3

3 yes 3+ 3

4 yes 3+ 3

5 yes 3+ 3

6 yes 3+ 3

7 yes 3+ 3

8 yes 3+ 3

9 yes 3+ 3

10 yes 3+ 3

11 yes 3+ 3

12 yes 3 3

13 yes 2 2

14 yes 1 1

15 yes Unknown# Unknown
16 yes Unknown#* Unknown
17 yes Unknown# Unknown
18 yes Unknown# Unknown
19 yes Unknown# Unknown
20 yes Unknown# Unknown
21 no 5 5
22 no 3 3
23 no 1 1

24 no 1 0
25 no y Y

26 no Unknown

27 no Unknown¥*+ Unknown s
28 no Unknown#®+ Unknown
29 no Unknown#*+ Unknown
30 no Unknown#*+ Unknown
31 no Unknown*+ Unknown
32 no Unknown#+ Unknown
33 no Unknown#*+ Unknown
34 no Unknown#*+ Unknown
35 no Unknown#*+ Unknown
36 no Unknown#*+ Unknown

1982-83

Grouped
work codes

Weapons dept.
Support dept.
Engineering deot.
Ordnance systems
dept.

Support dept.
Weapons dept.
Range dept.
Range dept.
Weapons dept.
Ordnance dept.
Unknown

Unknown
Administration
Range dept.
Range dept.
Support dept.
Unknown

Unknown

Unknown

Unknown
Engineering dept.
Engineering dept.
Research dept.
Support depts.
Alrcraft depts.
Research depts.
Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

*Medical record not avallable at NWC or Balboa Hospital.

+No longer at NWC as of February 1, 1982.




These categorlies were developed to address the following 1ssues
which were raised by the preliminary analyses:

1) Thompson laboratory and the Microwave Development Divi-
slon were observed to have the highest incidence of low white
blood cell counts. Job description and work location in this
laboratory were not adequate exposure measures, and more speciflc
evaluation was needed before any conclusions could be drawn
between posslble exposure to non-lonlzing radiatioin and depressed
WBC count.

2) Chemical workers with significant exposures might be

buried within broad job descriptions and work location categories, %
masking effects present 1n high exposure 1individuals. More '
detalled analyses were needed to address thils issue.

A listing of the 3,012 particlpants which 1included only name
and social security number (no information regarding blood results
were provided) who participated 1In the study was reviewed by

pertinent managers at NWC to identify employees who might belong
in one or more of the above four categorles. A total of 408

individuals were selected by NWC management for further statis-
tical analyses (13.5% of original study population).

2. Demographic characteristics. The frequency distribution

by age of the 408 NWC-exposure-category subjects 1s shown in Table
16. Approximately 82 percent were between 25 and 54 years old and
about 62 percent were between 35 and 54 years. This age distribu-
tion was very similar to that of the total study population of
3,012 NWC participants. Age has little effect on mean WBC counts
at NWC; therefore, no adjustment for age was necessary when cal-

culating prevalence rates of low wvhite blood cell counts by these
exposure categories.

Ninety-two percent of the individuals were males and elght
pecrcent were females, somewhat different from the 70 percent male
and 30 percent female in the total study population. However, as
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Table 16. V¥Frequency distribution of NWC-exposure-category

subjects by age, Naval Weapons Center, China Lake,

1982-83
Age

(years) Number Percent
15-24 4 1.0
25.34 82 20.1
35-44 122 29.9
45-54 131 32.1
55-64 59 14,5

65+ 10 2.4
Total 108 100.0
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with age, sex has little effect on mean WBC counts, and no adjust-
ment was performed.

The number and percentages of individuals in each of the four
NWC exposure categories 1s shown in Table 17.

Table 18 shows the distribution of cilgarette smoking status
for each of the four categories at the time of the blood drawing.
Approximately 23 percent were current smokers, and 77 percent wers
nonsmokers. However, within each of the four categories, current
smokers ranged from a low of 16.1 percent in chemical workers who
frequently work with toxic materlals (category 1A), to a high of
26.6 percent 1n electromagnetic workers whose work 1Involves high
power/high voltage/lonizing radiation (category 2A). Previous
results have shown that smoking tends to elevate the WBC count by
as much as 2,200 cells per mm3; therefore, it was necessary to
adjust for the effect of smoking when determining prevalence rates

of low WBC counts for these four exposure categorles.

3. Mean White Blood Cell count. Table 19 shows mean WBC
count for the four NWC exposure categories. The lowest mean WBC
count (6.26 x 10_30ells/mm3) was 1n categery 1A, chemical workers
who frequently work with toxic materials, and the highest mean WBC
count (7.49 x 10-3cells/mm3) was In electromagnetic workers whose
work involves high power/high voltage/lonizing radiation (category
24). Because mean WBC counts are not adjusted for smoking, the
differences seen may be due to the proportion of smokers 1In the

different groups. For example, category 1A which has the lowest
proportion of smokers also has the lowest mean WBC count, and
conversely, category 2A, with the highest proportlion of smokers,
has the highest mean WBC count.

4, Prevalence of low White Blood Cell counts. Smoking-
adjusted prevalence rates (in percent) of low WBC counts were
calculated for each of the four NWC exposure categories (Table
20). They range from a low of 1.3 percent for category 2A

R
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Table 17. Number and percent of subjects by NWC exposure
categorles, Naval Weapons Center, China Lake,
1982-33

NWC exposure category No. Percent

1A. Chemical workers who frequently .
work with toxic materials 89 21.8

1B. Chemlcal workers who infrequently work
with toxic materials 102 25.0

2A. Electromagnetic workers whose work
involves high power/high voltage/ionizing

radiation 79 19.4
2B. Electronic workers whose work involves

only laboratory RF levels 138 33.8
Total 408 100.0
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Table 18. Percent distribution of NWC-exposure-category
subjects by cigarecte ~“moking status, Naval
Weapons Center, China Lake, 1982-83

Smoking Status

NWC exposure category Current % Nonsmoker %

1A. Chemical workers who frequently work
work with toxic materials 16.1 83.9

1B. Chemical workers who infrequently
work with toxic materials 23.8 76.2

2A. Electromagnetic workers whose work
involves high power/high voltage/
lonizing radiation 26.6 73.4

2B. Electronic workers whose work 1involves
only laboratory RF levels 24.8 75.2

' Total 22.8 77.2
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Table 19. Mean white blood cell count x 10 mm> by NWC
exposure category, Naval Weapons Center, China

Lake, 1982-83

|
|
|
|
|
|
|
|
NWC exposure category
|
|
|

Mean WBC
No. counc xlO-gmm3
1A, Chemlcal workers who frequently
work with toxic materials 89 6.26
1B, Chemical workers who infrequently
work with toxic materials 102 6.85
2A. Electromagnetlic workers whose work
involves high power/hligh voltage/
ionizing radiation 79 7.49
2B. [GTlectronic workers whose work
involves only laboratory RF levels 138 7.06
|
| Total 4o8 6.92

60

(14

()
LA

O
O




Table 20. Crude and smoking-adjusted prevalence rates in percent of low
white blood cell counts, by NWC exposure category, and total NW
population, Naval Weapons Center, China Lake, 1982-83

Number of
Subjects Smoking
with Crude Adjusted
NWC exposure category LWBCC Pop. rate rate 95% C.I
1A. Chemical workers who 6 89 6.7 5.8 0.6,
frequently work with
toxic materials
1B. Chemical workers who 9 102 8.8 8.6 1.5,
infrequently work with
toxic materials
2A. Electromagnetic workers 1 79 1.3 1.3
wh.ose work 1involves high
power/high voltage/ioniz~
ing radiation
2B. Electromagnetic workers 11 138 8.0 7.8
whose work involves only
laboratory RF levels
Total 27 4o8 6.6 6.4
Total NWC population 222 3,012 7.4 7.4

#Significant at the p < 0.05 level when compared to the total NWC
population.
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(Electromagnetic workers whose work involves high power/high
voltage/ionlzing radlation) to a high of 8.6 percent for category
1B (Chemical workers who work Infrequently with toxic materials).
The smoking-adjusted rate in category 24 1s approximately 5.7
times lower than the corresponding rate for the total NWC popu-
lation. This finding was statistically :ignificant (p < 0.05)
before and after adjustment for smoking.

Approximately 30 percent of those incividuals from category
2A reported worklng in the EWTES division of the Electronic
Warfare Department (not shown), a division ~hich was found to have
a statlistlcally significant low WBC count (Tabie 7). In addition,
37 percent (N = 81) of the 217 individuals identified by NWC
managers to be at risk for potential exocosure to either high
power/high voltage/lonizing radiation or laboratory levels of RF
(category 2A & 2B) reported working in one of the three divisions
of the Electronic Warfare Department. Figure 16 shows the
paradoxical rinding of both a high rate of low WBC counts (14.3%)
in the Microwave Development Division and a low rate of low WBC
counts (2.7%) in the EWTES Division of the Electronic Warfare
Department. Although somewhat lower, thes= prevalence rates for
low WBC counts parallel those shown in Flgure 9 (percent of sub-
Jects 1n the Elesctronlc Warfare Department with low white blood
cell counts). However, the 81 1individuals mentioned above are
essentially a subsample of the or{ginal 2356 1ndividuals from the
Electronic Warfare Department; therefore, these findings might be
expected.

5. fiffects of work location. Seventy-two percent of the 408

NWC-exposure-category subjects reported Norking 1in 12 of 26
posslble work locations as shown in Table 21. The work locatlon
1s self-reported, and many particlpants elther listed more than
one locatlion or misinterpreted the question and listed their werk
code rather than thelr work location. Consequently, 28% of the
partliclipants had mlssing data for this variable. Table 21 shows
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Table 21.

Prevalence rates 1n percent of low white blood cell counts

in NWC exposure category subjects by work location, Naval

Weapors Center, China Lake, 1982-83

Rate 95% Conf. Limits
Work location #Cases Pop. % Lower Upper
Michelson Eng. Lab 2 10 20.0 0.0, 4,8
Area R & Extension 2 11 18.2 0.0, 41.0
Thompson Lab b 23 17.4 1.9, 32.9
Alr PFacliity 3 19 15.8 0.0, 32,2
Michelson Lab Wing 6 4 27 14.8 1.4, 28.2
01d Dorm Housing 1 10 10. ¢ 0.0, 28.6
CT Sky Top Area 1 13 T.7 0.0, 22,2
Michelson Lab Wing 4 1 14 7.1 0.0, 20.6
Salt Wells Pilot Area 2 50 4,0 0.0, 9.4
Ranges 2 51 3.9 0.0, 9.2
Michelson other 1 28 3.6 0.0, 10.4
ECHO Range 1 37 2.7 0.0, 7.9
Upknown 3 115 2.6 0.0, 5.5
Total 27 408 6.6 b,2, 9.0

L4l P,
P AR

64




Michelson Engineering Laboratory, Area R & Extension, and Thompson
Laboratory to have the highest prevalence rates of low WBC counts,
This is consistent with the finding for the total NWC population
that two of these work locations (Thompson Lab and Area R &
Extension) have the highest prevalence rates of low WBC count.
However, the rates based on 408 individuals were not statistically
signiflcantly different from the rate for the total NWC population
rate. The very small number of cases 1n each area, however, makes
statlstical determination of observed differences unlikely.

6. Comparison with total NWC population. Cistributions of

WBC counts for the four NWC-exposure-categeries plotted in con-
Junction witn comparison groups drawn from the entire NWC popu-
latlion were done at the request of NWC management. Flgures 17-20
show the results of these comparisons.

There does not appear to be any strikingly unusual distribu-
tions of WBC counts 1n any of the four NWC exposure categories
given the random varlatlion one would expect from samples of these
slzes.

Flgure 17 shows a slight possible shift to the left for
nonsmoking chemical workers with frequent potential exposures.

Flgure 19 shows the distribution of WBC counts for nonsmoking
electromagnetic workers involved with high power/high voltage/lon-
1zing radlation may have a slight shift to the right of the
baseline WBC distribution.

7. Electronic Warfare Department. As a result of the tinding
of both a high and low rate of low WBC counts in the Electronic
Warfare Department, thils department was analyzed in more detall.
Flgures 21-23 show the frequency distribution of WBC counts for

nonsmokers 1in each of the three divlisions of the Electronic
Warfare Department, plotted with all other nonsmoking NWC person-
nel (N = 2145). The frequency distribution of WBC counts for the
Microwave Development Divislon ls\clearly shifted to the left of
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the baseline distribution (Figure 21). Table 7 gives the smoking-
adjJusted prevalence rate for low WBC counts for the three divi-
sions of the Electronic Warfare Department along with 95 percent
confidence intervals. Only the Microwave Development Divislon has
1 statistically significantly higher prevalence rate (p < .05) of
low WBC counts after adjustment for smoking when compared to the

total NWC population.
NWC management asked the Department of Statistics at Stanford

University to perform an independent analysis to assess the sta-
tistical difference between the data for the nonsmokers from the
Microwave Development Divislon and the nonsmokers for the rest of § 3
the Naval Weapons Center. Thelr conclusions support the findings L
that the WBC counts for nonsmoking employees In the Microwave
division are lower by between 700 and 1500 cells per mm.3 than
those of other nonsmoking employees at NWC, and that the differ-
ence was very unlikely to have arisen by chance alone. Thelr
complele report is provided in Appendix C.

Discussion

Section I - Demographic Characteristics and Comparison with the
U.S. Population

1. Demographic characteristics. The Naval Weapons Center
population 1s predominantly a middle-aged white population which
13 70 percent male. The population 1s relatively stable; nearly
70 percent of participants in the present study had been employed
at NWC for flve or more years. A smaller proportion of NWC
employees currently smoke than members of the general population
of the United States. Only about one-quarter of NWC employees
smoke cigarettes as compared to approximately one-third of the

U.S. adult population (8).
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2. Effects of demographic characteristics. No major effect
of age on mean white blood cell count (in men ages 20-60) has been
reported in previous studles (9, 10, 11, 12) and was not observed
in the present study (Table 4). There were no differences in
white blood cell counts according to sex in this study (not

shown), although other studles have reported a decline in WBC
counts 1in post-menopausal women (9) and an increase 1in WBC counts
among women taklng oral contraceptives (13, 14).

If a long-term exposure to some agent was necessary to
produce a depressed WBC count, NWC employees might be expected to
have mean WBC counts which declined wvith increasing duration of
employment. No such associatlon was observed, however, 1In the

present study (Filgures 4 and 5).

3. Effects of cigarette smoking. Current clgarette smoking

has a very 1important Influence on mean white blood cell counts
(Table 5), as expected based on the results of previous studles
(10, 12, 15). The impact of clgarette smoking on mean WBC count
was noticeably greater for the NWC population than for the
population which participated in the U.S. Health and Nutrition
Examination Survey (HANES) (Figure 6) (6).

At NWC the difference 1n mean WBC between never-gmokers
(6,200 cells per mm3) and current smokers (8,400 cells per mm3)
was approximately 2,200 cells per mm3. While differences of this
magnitude were not observed In the HANES, other studles report
similar differences 1in average WBC counts 1n smokers and non-
smokers (10, 12, 16).

In a study of 1,000 clinic patients in the Southern Cali-
forria Permanente Medlical Group, mean WBC counts were approxi-

3

mately 2,400 cells per mm~ greater in male smokers ages 40 to 49
(9,200 cells per mm3) than in non-smokers In the same age-sex
group (6,800 cells per mm3).

The effect of smoking on WBC counts was present 1In both sexes

in the 3Southern California Permanente Medical Group Study (10),
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and in the present study. In a study of 86,488 ambulatory pa-
tients in the Northern California Permanente Medilcal Group who
recelved blood tests during 1964 to 1968, total WBC counts were
higher among current smokers 1in every race and sex categcry (12).
The difference In WBC counts between current smokers and non-
smokers in the study was 1,200 cells/mm3 in white males and 1,000
cells/mm3 in white females (12). The Northern California Per-
manente Medical Group Study also compared WBC counts In two groups
of smokers, one with evlidence of chronic bronchlitis, and one
without evidence of this disease; both groups were compared with a
group of nonsmokers (12). The differences in WBC counts in male
smokers U0-49 years old with chronlec bronchitis, for example, was
anproximately 9,100 cells/mm3. The mean WBC counts 1in male
smokers the same age without chronic bronchitis was approximately
8,400 cells/mm3, and the mean WBC counts in a corresponding group
of nonsmokers was 7,100 cells/mm3(12).

A French study of the effect of tobacco smoking on WBC counts
in 4,264 men aged 46-52 showed a mean WBC counts of approximately
6,550 cells/mm3 in current smokers compared to 5,700 cells/mm3 in
nonsmokers (p < 0.01) (16). There was a dose-response relation-
ship (p < 0.05) between quantity of tobacco smoked per day and WBC
counts and smokers who inhaled had significantly (p < 0.001)
higher WBC counts than those who did not (16). This study also
analyzed the effect of chronic bronchitis in smokers on WBC counts
and reported that presence or absence of thils condition did not
fully explain the impact of smoking on WBC count (16). It appears
from both the Northern California Permanente Medical Group Study
(12) and the French study (16) that chronic bronchitis does not
fully explain the effect of smoking on WBC counts. One or more of
over 1,150 different chemicals present in tobacco smoke (12) could
account for the increase in WBC counts either through direct
antigenic stimulation or by affecting any stage of leukocyte

TR N

production or removal.

75

)

O P P A
R SR
'“&’5_"[:}' ) -A!\ A




In the present study, clgarette smoking produced both a major
displacement in the mean WBC count and a flattening of the shape
of the curve of the distribution of the WBC count (Figure 2). It
1s possible that the flattening of the curve 1is due to variations
in number of cilgzarettes smoked per day within the category of

current smokers.

4, Comparison of mean WBC counts with the Natior~.l Health and

Hutrition Examination Survey. Mean WBC counts for current smokers
at NWC were nearly 1dentical with those observed in the HANES,
i.e., approximately 8,400 cells per mm3 at NWC and 8,300 cells per

mm3 in the HANES (Figure 6). “ean WBC counts for former smokers
and never smokers at NWC were approximately 800 to 1,000 WBC cells
per mm3 lower than those observed for their demographlic counter-
parts in the HANES (Flgure 6). '

There are several possible explanations for the lower overall
WBC counts for the non-smokers at NWC. The NWC 1s located 1in a
high desert environment which supports only limited vegetation,

minimizing the concentration of pollen and other alrborne anti-
gens. It 1s distant from industrial sources of alr pollutants and
has a much lower burden of vehlcular airborne pollutant emlssions
than other areas that were included in the HANES sample. It has a
stable populatlon with 1little Inward migration and few transient
visitors compared to urban areas. A posslble consequence of the
ecolngical and cultural characteristics of NWC and the surrounding
Ridgecrest community 1s reduced exposure to the numerous antlgens
(both microbial and non-microblial) present in the heavily urban
United States population. Although detailed studies of the effect
of desert environments on WBC counts have not been reported to our

knowledyge, the possibllity must be considered that the shift of
WBC counts toward the lower end of the normal range observed in
NWC non-smokers might be a result of the specialized ecology of
th2 Rldgecrest community.
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Consistent with this explanation was the finding that smokers
at NWC had mean WBC counts that were nearly 1identical with the
HANES population. It appears, therefore, that smokers at NWC may
be able to mount a fully normal immune response as evidenced by an

elevation of WBC count when exposed to clgarette smoke.

Section II - Questionnaire Obtalined Exposure Categorles

l. Effects of occupation. The Electronic Warfare Dlepartment
experienced both crude and smoking adjusted prevalence rates of
low WBC counts which were nearly double that of the total NWC
population (Table 6). These differences were significant at the p
€ 0.05 level. The Electronic Warfare Lepartment includes Adminis-
tratlon (which 1s made up of the Department staff and the HARM
Program Office), the Microwave Development Division, System Sci-
ence Division, Radlo Frequency Division, and the Electronic War-
fare Threat Environment Simulation (EWTES). When these divisions
were separated, they had markedly differing smoking-adjusted
prevalence rates for low WBC counts of 24.8 percent, 14.8 percent
and 3.9 percent, respectively (Table 7).

The smoking-adjusted rate was also elevated in the Aircraft
Department, a much smaller department, but the findings did not
achleve statistical significance. Non-significant elevations of
prevalence rates were also observed in the Research and Engineer-
ing Cepartments. The prevalence rates in the Support Department
and the Weapons Department were significantly lower than 1in the

total NWC population.
Because this study contained a large number of statistical

comparisons, the possibility exists that significantly high or low
results could emerge due to chance alone {5). Therefore, the
findlings concerning occupation and work location must be regarded
with caution approprliate to the statistical methodology. Persis-
tent low WBC counts may be more diagnostlic of a true harmful ex-
posure. The design of the present study called for repeated WBC




counts for all subjects of <4,500 cells per mm3. If the WBC count
remained this low on the repeated WBC count, a third count was
obtained.

The Electronic Warfare Department experienced a significantly
{p < 0.05) elevated prevalence rate of subjects having two consec-
utive low white blood cell counts (Appendix A Table A4) and the
highest, but non-significant, elevated prevalence rate of subjects
having thiree consecutive low WBC counts of all grouped work codes
at NWC (Table 12). No other grouped work code attalined a statis-
tically significant high prevalence rate on two or three consecu-
tive WBC counts.

he Electronlec Warfare Department was subdivided into three
divisions for more detalled analysis. This analysis revealed a
significantly lower (p £ 0.05) mean WBC count 1in the Microwave
Cevelopment [Division than any other division and than the total
NWC population. A significantly higher mean WBC count was ob-
served in the EWTES Division than in any other division and the
total NWC population. This implies the possibility of different
exposures within the Electronic Warfare Department.

According to the Industrial Hygiene Department =zt NWC,
employees ‘n the Microwave Development [Clvision may be routinely
exposed to low levels of microwave radiation, although thelr
exposures are probably less than members of the EWTES Division.

A review of the medical literature ylelded no systematic
studles in humans of affects of microwave radiation on WBC counts.
Geveral studles of the impact of microwave radiation on other
outcomes were located, however. Roblnette, Silverman, and Jablon
(17) investligated the effects of occupational exposure to radar in
20,000 male enlisted U.S. Naval personnel 1nvolved in electronic
2qulpment rgpair and 29,000 controls. They detected a non-
slgnificant Increase (age-standardized mortality ratio = 1.6) for
diseases of the lymphatic and hematopoetic system among enlisted
personnel presumed to have had high exposure levels based on
occupatlion as compared to those who had 1little opportunity for




exposure. This study did not, however, report on the effect of
microwave exposure on white blood cell counts since the deslign of
the study did not allow concurrent physiologlc measurements.

Lilienfeld, et al. evaluated the health status of persons
exposed to microwave 1irradiation at the U.S. Embassy 1n Moscow
(18). Exposure of embassy personnel to microwaves was at very
low levels. The Lilienfeld study did nct reveal 1important dif-
fereaces in indlces of health status between exposed and unexposed
personnel; however, it did not include detailed analyses of WBC
counts.

Depression of WBC counts has been shown to occur in animals
in response to microwave irradlation. The effect of the microwave
exposure appears to be transitory (19). In a Czechoslovakian
study, 20 male rats were irradiated at a power density of 24.4
microwatts/cm2 for seven weeks, tive days a week, four hours a
day. uring the second half of the 1rradlation period, experi-
mental anlimals had significantly lower (p € 0.01) mean numbers of
leukocytes and lymphocytes than the control group. Six weeks
after irradiation, leukocyte levels in the experimental group were
still significantly lower than those of the control group but
returned to the normal range ten weeks following irradiation.
Lymphocyte counts In the experimental group returned to within the
normal range three weeks following irradiation (19). A possible
mechanlsm proposed to explaln the effects of microwaves on hemat-
opoetlic tissue 1is the acceleration of 1lipid peroxication, en
effect which has been reported to occur in vitro (20). In living
systems, such an effect could alter the integrity of the cellular
membrane, possibly affecting hematopoetic tissue to a greater
extent due to its central location in bone marrow.

2. Effects of work location. Prevalence rates of 1low WBC
counts are more closely related to occupation within the Elec-
tronic Warfare Department than to work location (Table 14, Figure
15). This strongly suggests that it 1s the nature of the work
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performed rather than the general phycical environment which

aftects WBC counts.

Section II1 - The Naval Hospital, San [Plego, Study

Chigolnyg roctine exawmlnations of employees at NWC preceding
the vresent study ldentifled 36 empioyees at NWC who were referred
tor intensive hematological study at the Naval Hosplital, San
Liegyn, but who did rot particlpate in the white blood cell count
survey. 1he prouped work codes of these subjects are shown in
Tatle 15. The jpredominant source of referrals outslde the present
study to Naval hospital was the Range [epartment (4 referrals),
follow=d vy the zngineerine, weapons, and Support [Lepartments (3
r<fcrrals each), Ordnance and Hesearch [Cepartments (2 referrals
each), and Aircraft and Administration Departments (one referral

each).

Section IV - KWC Stat'f [lesignated Exposure Categories

Adaitional analyses were performed on a subset of the total
Al porulation. Four exposure groupings were developed by NwC
line maragers (Table 132). TWwo of the groups consisted of employ-
a5 luentifled as naving high potential for expcsure to either
nooemical o ana/or electromagnetic radiation.  The other two groups,
Yor comparatlve purposes, were tdentified as having lower expo-

cures toe these ajents,

sne smoxing-adjusted prevalence rate In percent of low WBC
ccunts ranged from a statistically significant low of 1.3 percent
in cateuorj ZA, elrctromagnetic workers whose work involves high

power/nlys b voltage/lontzing radlation, to a nigh of #.6 percent 1in

category 1, chemleal workers who worc Infregquently with toxle
materials (Table 20).

“he prevalence rate of low WBC count for all four NWC-ex-

posure-natesories combined was 6.4 percent which is close to the
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prevalence rate of 7.4 percent seen for the entire NWC population.
These categories did not serve to 1dentify any particular group at
NWC as having a notably high prevalence rate of low WBC counts,
although 1t did identify a group (Category 2A, electromagnetic
worker whose work 1nvolves high power/nigh voltage/lionizing
radlation) as having a statistically significant 1low prevalence

rate of low WBC counts.
Conclusions

Several conclusions regarding the occurrence of low WBC
counts at the Naval Weapons Center can be drawn from this study.
They 1lnclude:

1. There i1s no apparen overall environmental exposure atfecting
all NWC employees. A 4ide range of prevalence rates by work
code (range 3.1% 1in the Weapons Department to 1l4.6% in the
Electronic Warfare Jlepartment) was observed. Duration of
employment at NWC also was not a factor affecting WBC counts
supporting the concluslon of no general effect.

2. The mean VWBC count of persors who have never smoked at NWC 1is
lower. but not 1importantly s0, than the mean WudC count of
persons who .aave never smoxed in the general U.S. population
(¢£,200 vs 7,200 cells per mmB). This ditference is witnin
norrnal limits and may be attributable to less anti,enlic stimu-
lation In the nigh desert rural environment of NWC. This con-
clusion Is supported by the observation that mean WBC counts
in smokers at NvWC wWwere nearly ldentlical to the mean for
smokers in a sample of the LU.S. population (8,400 vs. &,300
cells per mm3), Indlicating that KWC employees experlience the
same fncrease 1In wWiC count a5 the general population when

xposed to cigarette smoxe (a possipble form of antigenic

stimulation),
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The high rate of low WBC counts. . in the klectronic Warfare

The Electronic Wart'are Lepartment had more cases of low WBC
counts than would have been expected based on the experience
of the entire NWC workforce. The prevalence rate of low WBC
counts 1in this department (14.6%) was significantly higher
than in the total NWC population (7.4%). This department also
had the highest prevalence rate (3.0%) of persisten. low WBC
counts (3 consecutive low WBC counts) compared to the rate for
the entire NWC population (1.2%). However, rates for persis-
tent low WBC counts were based on few cases and the difference
did not reach statistical significance. The high rate 1in
Thompson Laboratory was almost entirely attributable to the
precence of employees of the Flectronlic Warfare Department who
comprised nearly 90% of participants from this 1laboratory.
Thompson laboratory workers not in tne Electronic Warfare

Cepartment did not have a high rate of low WBC counts.

Cepartment 1s due to the statistically significanthigh rate
(26.0%) in the Microwave Levelopment Division. The distribu-
tion of white blood cell in this division shows a marked shift

toward lower white blood cell counts.

82

MW mta
Il s

L « € o,
PRI

R S R S R R



References

l. Zacharskl LR, Elveback LR, Linman JW. Leukocyte counts 1in
healthy adults. Am J Clin Pathol 1971;56:148-150.

2. Rumke CL, Bezemer PD, Kuilk DJ. Normal wvalues and least
significant differences for differential linkage to counts. J
Chron Dis 1975;28:661-668.

3. Bain BJ, England JM. Normal haematologlical values: sex
differences 1in neutrophil count. Br Med J 1975;1:306-9.

4, Statland BE, Winkel P, Harris SC, Burdsal MJ, Saunders AM.
Evaluation of blologic sources of varlation of leukocyte
counts and other hematologic quantitles usling very precise
automated analysers. Am Soc Ciin Path 1976;69:48-54,

5. Lillenfeld AM, Lilienf=21d DE. Foundations of Epldemiology.
2nd ed. New York: Oxford University Press, 1980.

6. McGrath CR. Total white blood cell counts for persons ages l-
T4 years with differentlial leukocyte counts for adults ages
25-74 years: United States, 1971-75. Hyattsville, Maryland:
National Center for Health Statistics, 1982;DHEW publication
no. (PHS)82-1670. (Vital and Health Statistics; Saries 11;
no. 220).

7. Fulwood R, Johnson CL, Bryner JD, Gunter EW, McGrath CR.
Hematological and nutritional blochemlstry reference data for
persons 6 nrnths - 74 years of age: United States, 1976-30.
Hyattsvllle, Maryland: Natlicnal Center for Health Statlstics,
1982; DHEW publication no. (PSH)83-1682 (Vital and Health Sta-

tistices; Series 11;No 232).

-8, National Center for Health Statistics. Changes 1in cigarette
smoking and current smoking practices among adults: United
States, 1978. Hyattsville, Maryland: National Center for
Health Statisties, 1979; DHEW, Vital and Health Statistics

Advance Data, No. 52.

9. Crulckshank JM, Alexander MK. The effect of age, sex, parity,
haemoglobin level, and oral contraceptive preparations on the
normal leukoecyte count. Br J Haematol 1970;18:541-50.

10. Helman IV, Rubenstein LS. The effects of age, sex, and
smoking on erythrocytes and leukocytes. Amer J Clin Path

1975;63:35-44,

11, MacKinney AA. Effect of aging on the peripheral blood
lymphocyte count. J Gerontol 1978;33:213-6.

83

LW LN, T R . S A" w ¥ T AR LN O[5 AR, ¥ P P P SO -
s ;&:&f'{‘r;‘l:'f ‘-?‘J"-’f\x A S e Al {*{'?‘R RGNS MR B RtGec Nyl




12.

13.

lui

15.

17.

18.

19-

21.

Friedman GC, Siegelaub AB, Seltzer CC, et al. Smoking habits
and the leukocyte count. Arch Environ Health 1973;26:137-43.

Fisch IR, Freedman SH. Smoking, oral contraceptives, and
obesity-effects on white blood cell count. JAMA 1975;234:500-
60

Polednak AP. Age changes 1n differential leukocyte count
among female adults. Human Bio 1978;50:301-11.

Howell RW. Smoking hablits and laboratory tests. Lancet
1970;2:152.

Corre ¥, Lellouch J, Schwartz D. Smoking and leukocyte
counts. Lancet 1971;2:632-4,

Robinette CD, Silverman C, Jablon S. Effects upon health of
occupational exposure to microwave radlation (radar). Amer J
Epidemiol 1980;112:39-53.

Lilienfeld AM, Tonascia J, Tonascla S, Libauer CH, Cauthen GM,.
Report on foreign service health status study. Washlngton DC,
Department of State, Office of Medical Services, 1978.

Pazderova-Vejlupkova J, Josifko M. Changes in the blood count
of growing rats 1rradiated with a microwave pulse fleld. Arch
Environ Health Jan 1979:44-50.

Sharov VS, Kazarinov KD, Andreyev VY, Putvinskly AV, Betskiy
ov. Acceleration of peroxlde oxidatlon of lipids due to

effect of millimeter electromagnetic radiation. Biofizika
1983;28:146-7. Translation in: Forelgn Broadcast.

84

Ll Ll

. - RELL L AR LA S L A T o O
"d:':!::'ifﬂj'i”' o o Jalr T ""A‘# mﬂf\“ A‘r\. A '.*’ y .\J\f‘:“*‘ ;y,.,'_,- b

N A NIl




APPENDIX A
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Appendix B

Table Bl. Electronic Warfare Department Groupings based on the 1981
Naval Weapons Center Code Directory, China Lake, 1982-83.

Electronic Warfare Department

Codes

HARM Program Office)

System Science Division

Rf Development Division

EWTES Division

Administration (Department Staff and the

Microwave Development Division

35, 354, 35069,
3509, 3506, 35064,

351, 35101, 3511,
3512-14, 3517

352, 35201, 35203,
35204, 3521-3, 3525

354, 35401, 3541-4

355, 35503, 3551,
3553-4, 3556

g
3
a .
|
3 |
3
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Appendix C

White Blood Cell Counts

at the Naval Weapons Center

China Lake, CA

Byv:

v

A. Owen
J. Friedman
H. Solomon

Department of Statistics
Stanford University

July 1986
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1. [ntroduction

During the period February 1982 through March 1983, the Naval Weapons Center (NWC),
China Lake and the Naval Health Research Center (NHRC), San Diego ennducted a hematological
moritoring program for all NWC employees. Objectives of the program included development of
a hematological profile of the work force at NWC and evaluation of the health significance of the
profile. All in all 3,012 persons at the NWC ceater participated in the program.

The primary focus of the China Lake monitoring program was on white blood cell counts.
Persons with white blood counts (WBCs) below 4,500 were identified for further testing. White
blood cell count distribution patte:ns were examined for groups of employees. These groupings
were by smoker/non-smokers, by occupation, by organizational unit and by geographical location
within NWC. One organizational unit showed a white blood cell count distribution pattern thz:
appeared different from the composite for the NWC as a whole (see Fig. 1). This unit is referred
to as MDD in this report.

The Stanford Statistics Department was asked to assess the statistical difference between the
data for the non-smckers in the MDD group and the non-smokers for the rest of the Naval weapons
Ceuter. The major element confusing the significance of the distribution for the non-smoker MDD
group was the small size of the sample. There were only 39 persons in the MDD non-smoker group
as compared to 2,106 in the ncn-smoker group for the rest of NWC.

From Figure 1 it is possible to recover the number of nonsmokiag NWC personnel in each
subrange to a high degree of accuracy and to obtain exact numbers of nonsmoking MDD personnel
in each subrange. These numbers are given Figure 2.

Section 2 assesses the differences between the groups in terms of statistical significance. The
significance is the probability of getting 39 WBCs that differ from the norm as much as the MDD
group’s do, under the assumption that the MDD group’s WBCs are a sample from the same
distribution as the non-MDD WBCs.

Section 3 addresses the practical significance of the differences between groups. For this a 95%
confidence interval for the amount by which the MDD group’s WBCs are lowered is computed.

Section 4 summarizes the conclusions of this investigation, and refers to follow-up work.
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2. Statistical Significaney
The 2145 nonsmoking NWC pertonne! can be split into two groups for the purpose of this
analysis. The first group is the 39 MDD personnel and the second is the 2106 non-MDD personnel.
The WBCs for the MDD group had a mean of §300 and a standard deviation of 1300. The
WBCs for the others had a mean of 6400 and s standard deviation of 1600. The two sample ¢

statistic to compare these groups is
5300 - 6400
t= =
28:1300° +3105:16007
39+3108-2 'a% + fx"o?
= -43.

The probability of a t statistic this extreme is
P(lt(a1e8)] 2 4.3) =1.8x 1072

or roughly 1 in 50,000.

Since there are so many people in the non-MDD group, it is reasonable to treat their mean
WBC, 6400, as a known constant. Many statisticians would favor a one sample t-test to assess
whether the mean WBC in the MDD group differs from 6400, because it does not rest on the

assumption that the variances are equal in the two groups. The value of the one sample ¢ statistic

is
_ 5300 ~ 6400

\/—L:ao‘g_;

= -53

and P(|tisq)| 2 5.3) = § x 10~* which is 1 in 209,000.

Both t-tests lead to the same conclusion: the mean WBC is lower in the MDD group.

Sometimes a small significance level does not provide strong evidence. For example, if 100 ¢
tests are conducted, it is not surprising to find onc so extreme it could only arise by chance 1 time
in 100. If 100 different groupings of eraployees were investigated, the chance of seeing one with a 1
in 50,000 siguificance level is no more than 1 in 500, so it is unlikely that the observed difference is
a consequence of investigating many groupings.

The t-tests indicate that there are differences but they do not provide as detiiled information
as we might like, and they rest on an assumption of normality. Although the mean WBC is lower

for the MDD group, it is of more direct importance to know if this group has too many WBCs

below some threshold. A difference in the means might arise from the MDD group having too many




5000 WBCs and too few 7500s. The same difference in the means could srise from too many 2500s
and too few 5000s and the latter may be medically more significant.

In the non-MDD group there were 64 WBCs less than 4000. Th's represents 3% of that group.
If the 39 MDD WBCs were drawn from a population of which 3% were under 4000 then the number
of them under 4000 would have a binomial distribution with n = 39 and p = .03. The expected
number of such WBCs is 39 x .03 = 1.2. There were 4 such WBCs in the MDD group. The
significance level of this, computed from the binomial distribution, is .03. Since we are not sure in
advance which cutoff level to use, such p-values are calculated for all the zutoff levels. They appear
in Figure 3. "

The most significant cutoff value in Figure 3 is 5000. If the MDD group had the same distri-

| bution as the others, then 19% of them (roughly 7) should have WBC: under 5000. Instead 21 of
them (over 50%) bad WBCs under 5000. Under the binomial distribution this would happen by
chance 1.3 times in 1,000,000. There appear to be too many MDD WBCs below cutoffs between
4000 and 7000 and there is strong evidence at cutoffs from 4500 through 6500.

Since 22 p-values were computed and the lowest was 1.3 x 10~ the true significance level for
the numbers in Figure 3 is betwesn 1.3 x 10™* and 22 x 1.3 x 10~® = 2.9 x 10~%; the upper bound
is a Bonferonni bound.

A simulation was conducted for this problem. Of the 2106 numbers representing 2106 non-
MDD WBCs, 39 were selected at random (with replacement). Therefore, these 39 numbers are
exactly a sample of size 39 from the observed distribution of the non-MDD WRBCs. The same
calculations were done on these 39 numbers as are given in Figure 3. This was repeated until 1000
such random samples had been considered. For each of the 1000 repetitions 22 binomial p-values
were calculated, and the minimum of the 22 p-values recorded. The smallest of the 1009 minima
was 2.4 x 1074, The minima have a distribution that is very close to a Beta distribution with

i a = 1.2 and § = 8.04. See Figure 4, for a QQ plot of the minima. [By way of reference, the
‘ minimum of 22 independent p-values would have a Beta distribution with @ = 1 and g = 22. The
22 p-values in each replication are dependen:.]
. Using the Beta approximation, the smallest of the 22 p-values should be less than .0114 to be
! significant at the 5% level and less than .0029 to be significant at the 1% level.
3. Practical Signiricaace T

The MDD group has lower WBCs than tae other nonsmoking NWC personnel and the differ-

ence is not likely to have arisen purely by chance. In this section the magnitude of the difference

is assessed.
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Suppose that all of the WBCs in the MDD group were raised by 500. This wculd have the
effect of shifting the MDD column in Figure 2 down 1 step. A minimal p-value for the shifted
column can be calculated as Lefore. The value obtained is .0056 which, by the Beta approximation,

is significant at the 5% level. A shift of 500 for the MDD group still leaves their WBCs significantly
low. A shift of 1000 produces a minimal p-value of .22 which is not statistically significant. A shift

3
i
N

of 1500 produces a minimal p-value of .0030 which is close to the 1% significance level. In this case
however the indication is that the MDD group shifted up by 1500 have WBCs that are too large.
From this we can conclude that the WBCs in the MDD group are depressed by more than 500 but
not by as much as 1500. The data suggest that the WBCs in the MDD group might be depressed
by 1000 units, which agrees well with the observed difference of 1100 between the mean WBCs of
the two groups.

(s el SEASUR S e

Using the one sample ¢ statistic a 95% confidence interval for the mean WBC is
5300 % t.025.381300/v/39
= 5300 £ 2.02 x 1300//39

AP et s

= 5300 £ 400
Treating the mean WBC in the non-MDD group as a known constant (6400), the mean WBC in
the MDD group is depressed by 6400 — 5300 % 400, that is by an amount between 700 and 1500.

4. Conclusions

The WBCs for nonsmoking employees in the MDD group are lower than those of ocher non-
smoking employees of the NWC. The difference is very unlikely to have arisen by chance alone.

A t-test indicates that the average WBC is significantly lower for the MDD group. A more

S AR e S

detailed analysis based on the binomial distribution indicates that the MDD group has an excess
of WBCs under 5000, compared to ihe other nonsmoking NWC personnel. The excess is also
noticeable at other cutoffs between 4500 and 6500.

Further analysis suggests that the WBCs in the MDD group are depressed by approximately
1000 per millimeter cubed. Using the binomial model one can conclude that if the whole MDD
distribution bas been shifted, then it has been shifted down by an amount greater than 500 bLut
not as great as 1500. Using u i-statistic one can conclude that if the mean of the MDD distribution
has been shifted, then it has been shifted down by an amount between 700 and 1500.

It is of interest to see if this is an anomaly. One way of investigatipg this is to undergo snother
experiment. We are designing several sampling plans, i.e. sample sizes for each of the two groups

based un the information already on hand to assess whether the difference is genuine and persistent.
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WBC Counts Times 103 Per Cubic Millimeter

Figure 1.
Distribution of white blood cell counts in percent for nonsmoking workers in the

MDD group and all nonsmoking NWC personnel, 1982-83.

Source: Memorandum dated 5§ Nov. 1685 from Carl Schaniel.
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Figure 2. WBCs for nonsmoking personnel

PO

'
-

Range* #NWC # MDD

2.0 S WBC <25 0 0

2.5 S WBC < 3.0 1 0

§ 3.0 < WBC < 3.5 17 1
35 <WBC<40 40 3

40 S WBC < 4.5 134 8

" 4.5 < WBC < 5.0 220 9
,!. 50 < WBC < 8.5 284 ¢
| 5.5 < WBC < 60 310 4
! 6.0 < WBC < 6.5 264 2
5 6.5 < WBC < 7.0 232 1
! 70 < WBC < 7.5 190 1
: 7.5 < WBC < 8.0 151 2
§ 8.0 < WBC <85 105 1
: 8.5 < WBC < 9.0 71 0
‘ 9.0 < WBC < 9.5 48 1
, 9.5 < WBC < 100 31 0
' 10.0 € WBC < 10.5 23 0
10.5 € WBC < 11.0 14 0
11.0 € WBC < 11.5 8 0
11.5 € WBC < 12.0 6 0
12.0 < WBC < 12.5 6 0
, 12.5 < WBC <130 0 0
2145 39

® in 1000s/millimeter cubed




Figure 3

WBC Group ¢ noa-MDD % nou-MDD Expected $ MDD & MDD Significance

< 250C 0 0.0 0.0 0
< 3000 1 G.5 e.2 0
< 3500 27 1.3 0.5 1 4.0 x 10~}
< 4000 64 3.0 1.2 4 3.0 x 10-2
< 4500 190 9.0 35 12 1.1x 10"
< $000 401 19.0 74 21 1.3 % 109
< §500 679 32.2 12.6 27 2.7 x 104
< 6000 985 46.8 18.5 31 3.7x10-¢

3 < 6500 1247 §9.2 23.1 a3 9.2 x 10~4

g < 7000 1478 70.2 27.4 34 2.2x10"2

[ < 7500 1667 79.2 309 35 1.2 x 10-?

E} < 8000 1796 85.3 33.3 a7 1.8 x 10-?

?;; < 8500 1900 90.2 35.2 33 5.2 x 10~

3 < 9000 1971 93.6 36.5 a8 6.3 x 10~}

N < 9500 2618 95.8 374 39

E? < 10000 2049 97.3 379 39

5 < 10500 2072 93.4 38.4 39

H < 11000 2086 99.1 3.6 39

g < 11500 2094 99.4 38.8 29

3 < 12000 2100 99.7 38.9 39

:é < 12500 2106 100.0 39.0 39

7 < 13000 2106 100.0 39.0 39
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